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We will examine the role that structure modeling plays
In development of protein signatures...and more.

What are protein signatures & why do
we need them?

How does protein modeling assist us
In choosing protein signature targets?

Why are empirically determined
structures not sufficient?

How will our research advance the
field of protein modeling?

How can our research apply to
advances in biology?




What Is a protein signature target?

A region for identification of a target protein, which is:
* a specific sequence/fold than can be recognized by a ligand (binder)
* unique to the protein of interest

We identify multiple regions
for each pathogen.

These regions can be exploited
by a variety of detection
chemistries and platforms.

Protein signatures allow us to detect:

* pathogens
* proteins associated with virulence or toxicity



There are several reasons why protein
signatures are necessary

e Many virus genomes are too variable for other
detection methods

- Adequate conservation exists in protein-space

» Other types of signatures could be “engineered
around” to thwart detection

- Harder to alter proteins without changing function

* Orthogonal confirmation is desired (complement other
methods)

* Protein assays could confirm viability



Our protein pipeline leverages structure
modeling capabilities

Raw protein sequence

MEREIEWNATIIELGVREMSIKYGRDTTVEVDLNAVKHNVKEFKKRVNDENTAMMAAVKAN
GYGHGAVEVAKAATEAGINQLATAFVDEATELREAGINVP ILILGYTSVAAAEEATQYDV
MMTVYRSEDLOGINETANRLXKKAQTQVKIDTGMSRIGLOREEVKPFLEELKRMEYVEVV
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RVGIGIYGMYP SKEVNHSVVSLOPALSLKSKVAHIKHAKKNRGVSYGNTYVTIGEEWIAT
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Targets have potential use for

Conserved & unique protein sequence

MKRETEWNAT IELGVRBHSTRYCRDT IVEVDLNAVKHNVKEFKKRVNDENTAMVAAVKAN
GYGHGAVEVARAATEAGINQLATAFVDEAT ELREAGTNVE TLILGYTSVARAERATOYDY

SEDLOGINEIANRLXKKAQIQVKIDTGMSRIGLOEEEVKPFLEELKRMEYVE
TADE IDKSYTNMQTSLFEKAVN! 3

RYGIGIYGMYPSKEVNHSVVSLQPALSL
VEIGYADGYNROLS
EENIAVEEIADMLGT

3D model showing location of
candidate protein signature target

detection, therapeutics, or vaccines

T

Structural homology provides
high-resolution modeling



Why is modeling necessary?

Number of proteins whose structure and biochemical function
are unknown increases exponentially. Number of proteins
(genes) discovered daily: ~1000

Cost and time required to experimentally characterize these
new proteins is prohibitive. Number of daily experimentally
determined structures: ~10

Not all proteins can be solved experimentally.

Number (March 09, 2004) of structures deposited in Protein
Data Bank (PDB) as of 9 March 2004: 24,615

Current number of folds classified by Structural Classification
of Proteins database (SCOP): 800 (out of ~10,000 est’d total)

Computational methods hold great promise in uncovering the
structure and function of many new proteins



Participation in CASP extends worldwide
187 prediction groups in CASP5
28,728 processed models

()
Livermore

Denmark Israel Poland Sweden

France Ttaly Russia Switzerlanl

Germany Japan Slovenia United 4
Netherlands Spain Unitgihipi

Some 134,006,006 June 1998
Roteraar Progacsan

R e, 3 N e 08 i

0 ey ML




CASP: The blind prediction regime
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CASP: 3 categories of structure prediction

Comparative modeling:
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We built an automatic 3D modeler

Main steps In AS2TS server
homology modeling: |
o nput:
Search for similar —— [ amino-acid sequence }
proteins In Protein Data  arcremacazarvacarom oo -
Bank (PDB) — Sequence TFELEKE AD AHNITWAYL OOV AVEE
alignment .
g GLALFGEFE FNE -CELACHMIQAPD GTD I TEGGETI Sequence LIISt Oft
GDALLGAKL FEENCALCHGY - ————————— GEER homology anaIySiS g;))?g;s

Verifiy alignments (LGA
structure comparison)

v

Build in missing regions &/ A7y 3D model List of
(LGA) — “backbone” LR . construction / | best

iy e luati templates
now complete evaluation

<

Output: final set
of models

Add amino-acids (side
chains)




...and scaled our modeler for
whole-proteome analysis
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Candidate signature targets can be visualized
and selected based on surface accessibility

MATPOISRKALASLLLL VAL A AV TASADDVLAL TES TFEREVGODRAALVEF YAPWMCGHCEELAPEYE
KLGASFEE AR SVL IAKV D DEHE SV C 3 EY VA GY P TIOWF PEGILEPEEYEGORTAEAL AE TV IS EALTT]
VEILAVPEEVWWYLTPETFDEWVWLDETEDVLVEFYARPWCGHCFHLAP IVERKL ASVYEQDEGWVWIANLDADE
HTALAEEYGVIGFFTLEFFRPEGHEAGED YD GGRELDDFVEF INEKCGTSRD I EGOLTIEAGTIVESLAPLW
KEFLGAANDEREEALSKMEEDVAEL TGP ALK Y GE ITVHNSAKE IMENGEEYTEEESERLOEMLEEGLT

Set of four
uniqueregions
insidethe
beta-sheet
barrel:
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Modeling a protein complex provides
additional information

MATPOISRKALASLLLLVARRA LY A TASADDVLALTESTFEEEV GO
ELGASFEEAKSVL I AR DCDEHESVC S EYGVAGYPTIOWFPEGSLE
VEILAVP VWV LTPETFDEVWVL EDECCTMCGHCEHLAP ITEE
HTALAEEYGVISGFPTLEFFPEGHEAGEDYDGGRELDDFVEF INEEC
EEFLGAANDEREEALSEMEEDVAKL TGPAAKYGEITVIISAEEINEE

Two overlapping
unique regions
131-EDKCGT-136
128-FMCEDK-133

located on the loop on the top
of the vase-shaped beta-barrel




Some signature targets are shielded L
In the complex
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3D model of dimer (chain A inred, chain B
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West NileVirusglycoprotein [strain RO97-50]
CONSERVED and UNIQUE signature regions (&t |east 6 res dues long)



Structure modeling remains an
Imperfect science

Homology modeling produces:
good models for 30-40% of proteins
fair models for another ~30%
Homology modeling is useful for
high-throughput, whole-proteome screening

candidate signature target selection

More work is needed to:
develop methods for protein structure comparison
define new structural folds

classify proteins based on structure correspondence



Seguence similarity, %

Structure similarity iIs more conserved
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- Sequence based alignments may be wrong
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Our proposed work will provide computational -

improvements for protein classification

Amino acid sequence ..AQTERGQWERHKLNMAVSDA..
+ _ : ..AQTERGQWERHKLNMAVSDA..

Protein Data Bank Sequence similarity analysis .AQTEKGHKLN----
¢ (CLUSTALW, PSI-BLAST) WAQTLRGOWER-SNM
..AETERGQWERH-LNEACSKA..
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(~15, OOO structu res) I STRAL

3D structural analysis of

detected homologues,

STRAL-DB <% Alignment verification
STRuctural ALignments /
DataBase
Structure
Modeling
Protein Function

classification hypothesis Experimental validation




Structural analysis corrects

sequence-based alignment

>ladl

CDAFVGTWKLVSSENFDDYMKEVGVGFA
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Structural alignment by STRAL
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Our approach:
Multi-level method to determine similarities

1. Discovery of overall structure similarity

(typical state of the art)

2. Analysis of similarities per domains
(challenge starts here)

3. Refinement of the regions of local
similarities within domains

- results assigned to each residue

- retains high confidence anchoring determined at
domain level

4. Evaluation function (scoring, ordering, alignment)



How can structures be compared?

Structures ordered by LGA S score /

N{dist=5.0) RMSD{N)

Structure
afl 23432 pdb
BEWZ PSE7 pdb
BEYZ 3A.pdb
They]
1ddm1
laymi
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0.2
0.44
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0.0
1.59
1.b3

LGA S
96,518
96,354
96,354
95 256
57 090
3,325

Scoring function is key
to identifying useful
templates




. . IL
Early test of STRAL basic algorithm:
handles “easy” case of high level of structure similarity

Results based on \E_ + P

standard analysis
I

Results from
STRAL analysis

In green —regions detected as very similar, in yellow — less similar, in red — not similar

Standard analysis does not distinguish the regions of
similarity as clearly as our approach



LGA structurally differentiates
strains/species
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in regions of biological interest
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The following individuals contributed to work
summarized In this talk

Adam Zemla
Clinton Torres
Jason Smith
Carol Zhou
Tom Slezak
Beth Vitalis
Tom KuczmarskKi
MarisaLam
John Moult
Krzysztoff Fidelis
Tim Hubbard
Daniel Barsky
Dorota Sawicka
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